Lectin-binding sites at the cell surface of mouse kidney tubules were studied using the ferritin labeling technique. Mouse kidney tissues were successfully dissociated in an enzyme solution containing collagenase and hyaluronidase.
The dissociated cells were fixed, reacted with ferritin-lectin conjugates and processed for electron microscopy. Lectins used were concanavalin A (Con A), Ricinus communis agglutinin (RcA) and Bauhinia purpusea albs hemagglutinin (BpH). The ferritin particles were found at all portions of the plasma membrane exposed directly to ferritin-lectin conjugates. Ferritin-Con A particles were typically clustered and ferritin-RcA also tended to cluster. Ferritin-BpH particles were observed abundantly at the cell surface with some sporadic clustering occurring as well. Binding sites of the three lectins tested were more abundant at the apical surface when compared with the lateral and the basal portions of the plasma membrane.
It is concluded that dissociated renal tubule cells still retained the carbohydrate moieties at the cell surface and that the apical plasma membranes possess more terminal oligosaccharides, presumably, of glycoprotein than the lateral and the basal plasma membranes in renal proximal tubule cells. The regional differences of glycoprotein represents the plasma membrane polarity in terms of surface specificities in these highly organized tissue cells.
The renal tubule cells, like most of the highly organized tissue cells, have functional polarities.
The polarity of a cell is expressed morphologically by the shape of the cell, distribution of cellular organelles and specializations of the plasma membrane.
The three portions of plasma membrane of the cell, namely apical, lateral and basal portions, are easily recognized by the presence, respectively of a brush border, junctional complexes and a basal lamina.
The different morphological specializations of the plasma membrane suggests differing functions and possibly This work was partly supported by grant in aid 148088 from Ministry of Education, Japan. a different composition of the membrane in these areas. The molecular basis of these membrane specializations, however, has been poorly understood .
Recent studies have revealed that plant-lectins bind to specific carbohydrate residues of the cell surfaces and have been used to explore many aspects of the structure and function of cell surfaces. The visualizations of carbohydrate moieties of the free cells (6, 14) and of cell homogenates (9) have been enabled by ferritin labeled lectins. This study was undertaken to examine the distribution of sugar residues at the plasma membrane of the renal tubule cells in situ. The tissue dissociation was performed in order to use three such ferritin-conjugated lectins, namely concanavalin A (Con A), Ricinus communis agglutinin (RcA) and Bauhinia purpurea alba hemagglutinin (BpH), respectively specific for mannose (17) , galactose (5), and mucin type sugars (10) . The distribution of three lectins at the cell surface was compared each other and was evaluated in relation to the plasma membrane specializations.
MATERIALS AND METHODS
The renal cortex from normal adult ICR mouse weighing 45 to 50 gm was minced into small pieces in 0.1 M phosphate buffered saline (PBS). Tissue fragments were gently agitated and pipetted in the enzyme solution containing collagenase (Worthington, CLS type IV) 1.5 mg/ml and hyaluronidase (Worthington, HSE) 3.0 mg/ml of PBS for 30 min with two successive changes of the solution at 37°C. After washing in the same buffer, the dissociated cells were fixed in 2.5% glutaraldehyde in PBS for 30 min, rinsed and incubated with ferritin-lectin conjugates for 30 min at room temperature. The cells were washed three times after incubation, osmicated, dehydrated and embedded in Epon. Lectins used were Con A, RcA and BpH. Con A (Miles-Veda, 6X crystallized with further purification), RcA and BpH were prepared and purified according to the methods by Agrawal and Goldstein (1), by Tomita et al. (20) and by Irimura and Osawa (11), respectively. Each lectin was coupled to ferritin (Pentex-Miles, 2X crystallized, with further purification) using glutaraldehyde (3) and ferritin-lectin conjugates (Fer-Con A, Fer-RcA and Fer-BpH respectively) were purified by affinity chromatography in columns of Sephadex G-100 for Fer-Con A (7), Sepharose 4B for FerRcA (6) and Sepharose 6B for Fer-BpH (12), respectively. Concentration of each lectin in the incubating media was approximately in the range of 50-100 µg/ml of PBS. Thin sections cut with the ultramicrotome were observed in a Hitachi 11B or a JEM 100B electron microscope either unstained or stained briefly by lead citrate.
For control studies, dissociated cells were incubated in media in which the ferritin-lectin conjugates were replaced by free ferritins. Inhibition of lectin binding was performed by addition of 0.2 M a-methyl-D-mannoside for Con A medium and 0.2 M lactose for RcA and BpH medium.
RESULTS
Tissue dissociation varied from either single cells to whole tubules, with or without basal lamina, presumably due to the gentle treatment employed in this study to minimize plasma membrane alterations.
Since ferritin-lectin conjugates did not penetrate the basal lamina, it was absolutely necessary for the cell surface to be exposed directly to the ferritin-lectin conjugates. Therefore, single cells or a sheat of several attached cells without surrounding basal lamina, were selected in the thin sections under the electron microscope and served as an appropriate material for this study. These dissociated cells revealed a good preservation of cellular morphology and cellular polarity (Fig. 1) . The apical plasma membranes were discerned by the presence of microvilli and junctional complexes. The lateral and the basal area of the plasma membrane, however, could not be established definitely in a strict sense due to the absence of a basal lamina (Figs. 1-4) . In most instances it was possible to identify the original portion of tubules from the given dissociated cells. The observations in this study were mainly done on proximal tubule cells. Some distal tubule and collecting duct cells were also included as well. Ferritin particles showing lectin-binding sites were found at all three portions of cell surfaces ( Fig. 1 ), namely apical (Fig. 2) , lateral ( (Fig. 5) or Fer-RcA (Fig. 6) . The particles were numerous and clustered at the apical plasma membrane. The particles were also arranged more or less linearly and extended outwardly resulting in a beaded configuration (Fig. 2 arrow) . At the lateral (Fig. 3) and basal (Fig. 4) plasma membranes, ferritin particles were less in number, appearing to be scattered along the entire length of the cell surface. The clustering and linear arrangement at lateral and basal cell surfaces were less conspicuous than those at apical surface.
When the cells were reacted with Fer-Con A, ferritin particles were typically clustered at all portion of the cell surface. Apical plasma membranes ' (Fig. 5 ) revealed an attachment of many more ferritin particles than the lateral and basal plasmalemma. No ferritin particles were found at the cytoplasmic face of plasma membrane even when the plasma membrane was disrupted (Fig. 5 arrow) .
Ferritin particles at the surface of the cells incubated with Fer-RcA tended to cluster (Fig. 6) . They are less in number compared with BpH and Con A, but the distribution was similar. The brush border possessed more ferritin particles than lateral and basal plasma membranes.
Only the external surfaces of plasma membranes showed positive bindings of the three lectins and cytoplasmic surfaces remained unreactive even in the disrupted cells where the both sides of the plasma membrane were exposed to the conjugates. Some isolated nuclei were encountered in the thin sections. Fer-Con A showed positive reaction with these nuclei, while Fer-RcA and Fer-BpH did not. The reactive sites of Con A were at the cisternal surface of the nuclear envelope.
In the control study, cells which were incubated with ferritin instead of ferritin-lectin conjugates showed no binding of ferritin particles. The addition of 0.2 M lactose to the washing medium (PBS) as well as to the incubating medium containing either Fer-BpH (Fig. 7) or Fer-RcA (Fig. 9 ) resulted in complete inhibition of the reaction. a-methyl-D-mannoside (0.2 M) suppressed the reaction with Fer-Con A (Fig. 8) when applied in a similar fashion.
DISCUSSION
In principle, this study is based on the known specific relationship between lectins and carbohydrates.
Con A binds with a-D-mannopyranosyl, a-D-glucopyranosyl residues and sterically related structures (17) , while RcA is specific for -D-galactopyranosyl residues as well as glucosamines (5) . BpH is able to recognize mucin-type sugar chains, for example N-actetyl-D-galactosamine (10) .
Using the ferritin labeling technique, the present study demonstrated the positive binding of three lectins, namely Con A, RcA and BpH, at the cell surface of the dissociated renal tubule cells. Morphological polarity of proximal tubule cells has also been preserved after dissociation. The ferritin particles were found at the external surface of the plasma membrane and were more abundant at apical portion of plasma membrane than at lateral and basal ones in all three lectins.
The validity of the technique employed here was assured by the control study. Specificity of ferritin-lectin conjugates binding to certain sugar residues was confirmed since addition of a-methyl-D-mannoside and lactose inhibited the reaction of Fer-Con A and that of Fer-RcA as well as Fer-BpH, respectively. Nonspecific adsorption of ferritin particles was also excluded. Additional proof was provided by the fact that the lectin binding sites revealed by our study are in agreement with those of previous studies using same technique (6, 12, 14, 15) . Ferritin particles, indicating the bindings of these three lectins were found at the external side without exception. The cytoplasmic surfaces of disrupted plasma membranes were free of ferritin, although ferritin-lectin conjugates were in direct contact. The distribution pattern is in agreement with those of Fer-Con A and Fer-RcA at the membrane fragments of homogenized myeloma cells (9) . Positive Con A binding and negative RcA binding at the isolated nuclei occasionally seen during the course of this study are also in accord with the results of the previous study on isolated nuclei (7) .
Since ferritin molecules appeared as discrete discontinuous particles, it was possible to compare the density of lectin binding sites among the particular portions of the plasma membrane. This advantage was well utilized in this study. The ferritin particles, however, do not penetrate into the tissue because of their large molecular size. The dissociation of tissue into single cells was necessary to secure the direct exposure of cell membrane to the conjugates.
The effects of tissue dissociation on surface carbohydrate moieties should be considered in the evaluation of our results. Our dissociation technique employed enzyme digestion as well as gentle mechanical forces. We avoided the enzymes having proteinase activities and employed collagenase and hyaluronidase. Mechanical force may also damage the cell surface properties. As a matter of fact, submandibular gland acinar cells have been reported to have reduced numbers of Con A binding sites immediately after dissociation. Con A binding sites increased in number with short term cultures following dissociation (2) . The findings suggest a loss of binding sites owing to the dissociation procedures and their subsequent recovery during cell culture. Although dissociation procedures in this study were not entirely the same, the possible loss of lectin binding sites cannot be excluded because the present study did not examine the cultured cells after dissociation.
Despite these limitations and reservations, it is still reasonable to assume that the ferritin particles at cell surface represent some, if not all, of the surface carbohydrate moieties of the renal tubule cells. It is also true that enough of the sugar residues of the plasma membrane remained to show regional differences after dissociation. These heterogenous distribution of saccharide residues is one of the expressions of membrane specialization and of polarity at molecular level in cells of this highly organized tissue. Similar regional differences of lectin binding sites at plasma membranes were recently observed in mouse jejunal mucosa cells which were scraped by mechanical forces without enzyme digestion (8) .
The presence and persistence of lectin binding sites at the dissociated renal tubule cells is further supported by our demonstration of lectin binding sites in the renal tissue sections by peroxidase labeling technique (22) . Our study using peroxidase showed positive Con A and RcA binding at all portions of the plasma membrane of renal tubule cells in tissue sections. This techngiue, furthermore , not only demonstrates cell surface carbohydrates (4) but also visualizes Con A binding sites at some cytoplasmic membrane (21, 22) . The details of these findings as well as a comparison of both techniques will be reported elsewhere (Yokoyama et al., in preparation) .
The present study disclosed more BpH binding sites at the plasma membrane of mouse kidney tubule cells than binding sites for Con A or RcA. The preferential binding of BpH by the plasmalemma of the kidney tubule cells was unique and different from that of the cultured L-cells (Irimura et al., unpublished data). It remains to be established whether this is specific to kidney tubule cells or a common feature of tissue cells.
Of primary importance of this study are the presence and persistence of three kinds of lectin binding sites at the renal tubule cell surface after dissociation and that morphological polarity, as expressed by membrane specialization, is associated with heterogenous distribution of the terminal oligosaccharides, presumably, of glycoprotein in the membrane. In another words, membrane constitution per se differs along with morphological differences and that the regional difference of glycoprotein distribution in the membrane contributes to polarity formation in the cells of highly organized tissues.
Currently, a fluid mosaic model of cell membrane structure has been proposed by Singer and Nicolson (18, 19) . It has also been shown that lateral movements of lectin receptor sites in plasma membranes of spermatozoa were restricted by cytoplasmic restrains (s) to form membrane domains (15) . The cytoplasmic restraints were reported to be a spectrin in human erythrocytes (13) and a smooth muscle myosin like component in fibroblasts (16) . Since proximal tubule cells retain their morphological polarity as well as glycoprotein polarity immediately after dissociation as revealed in the present study, the dissociated cells, when successfully cultured, may provide an adequate model to study membrane domains and cytoplasmic restraints in the tissue cells.
